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Anesthesia: a Review 
 
 




Due to the development of surgical techniques for controlling the conditions of 
patients, we are still faced with many conditions and risks in the management 
of patients' health during and after surgery. Hence, the creation of new methods, 
access to medicines and things that increase the quality of management and 
improve patient control conditions are on the agenda of many research teams 
around the world. Antioxidant substances and their effects on the control of free 
radicals (as one of the destructive factors on the health of patients undergoing 
surgery) is one of the research cases that has attracted many researchers in 
recent years. Cardiac surgery and cardiac anesthesia are among the most 
challenging types of surgeries. Control and management of patient conditions 
during this type of surgery is one of the most important challenges of 
anesthesiology team. This study tries to investigate the importance of 
antioxidants in controlling conditions and improving the status of patients 
undergoing cardiac surgery. 
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Introduction 
Oxidative stress is one of the risk factors for 
humans. These factors in various organs of the body 
cause numerous and various injuries, including: 
asthma in the lung, glomerulonephritis in the kidneys, 
atherosclerosis in the cardiovascular system, 
preeclampsia in the fetus, Alzheimer's disease in 
brain, cataract in the eyes, and even with the 
application of a multi organ mechanism can cause 
cancer, diabetes or inflammation. (1) 
The source of oxidative stress should be in the 
balance between oxidative factors (free radicals) and 
antioxidants. (2) 
In this situation, the body's redox system has 
changed and the consequences of this imbalance 
appear as stated. Antioxidants as the other pole of this 
balance are substances that act to protect cells against 
the harmful effects of free radicals and neutralize 
them. Antioxidants act their corrective effects in two 
ways, breaking the cycle or preventing it. In the form 
of breaking the cycle, when the radical freedom of a 
single electron is stealing, another free radical is 
produced, and the cycle continues until it is broken 
down by an antioxidant, including the antioxidants 
that act in this way like vitamin E or vitamin C. In the 
form of prevention, the production of oxidants is 
prevented by antioxidants, thus reducing the start of 
cycles. Glutathione peroxidase is an example of 
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antioxidants that act as a preventive method (1) 
Pain is considered as a consequence of all 
surgeries. The cardiovascular surgery as one of the 
most dangerous types of surgeries is no exception. 
Control of pain after cardiovascular surgery has a very 
important role in the success of these types of 
surgeries, and poor control of postoperative pain have 
serious complications for patients (3). On the other 
hand, pain itself causes the oxidative stress in the body 
(4), while the use of antioxidants in heart surgery has 
been accompanied by a reduction in oxidative 
reactions (5). The cardiovascular system is affected by 
the balance between oxidative stress and antioxidant 
substances. Therefore, it seems that the control of pain 
and oxidative damage separately or together can play a 
significant role in the success and control of the 
outcome of cardiac surgery. 
 
Pain and oxidants effect: 
Pain as an indicator can be a sign of various 
illnesses. The mechanism of production and the quality 
of pain vary in each disease; however, the effect of 
oxidants on pain has been studied and confirmed in 
several studies. This effect can be achieved by 
reducing inflammation, reducing the negative effect on 
nociceptors, cofactors of opioids production or 
protecting mitochondria (4, 6, 7, 8, and 9). Several 
studies have shown different results in antioxidant 
activity for pain relief; however, it is important to 
control the pain. For example, vitamin C and vitamin 
E antioxidants in women with pelvic pain and the 
history of endometriosis have decreased Pain and 
inflammatory factors in patient’s abdominal fluids. 
Thus, the role of antioxidants in the treatment of these 
patients is significant (7). Another study has shown 
that the use of alpha-lipoic acid (as a natural 
antioxidant) has been effective in reducing peripheral 
neuropathic pain (10). Combination therapy of 
antioxidants has also been helpful in treating and 
relieving pain in patients. For example, the 
combination of selenium antioxidants, beta-carotene, 
vitamin C, vitamin E, and methionine shows these 
results in various studies (4). Melatonin and N-
acetylcysteine have similar effects in protecting against 
oxidative damages and inflammatory markers in 
cardiac surgery (6). 
The combination of antioxidants and analgesics 
will normalize oxidative stresses. As a result, the use 
of antioxidants in the treatment of pain can be used to 
reduce the dose of analgesics and reduce the negative 
effect of activated oxygen on nociceptors (11). In this 
case, vitamin C can be mentioned as a cofactor for the 
production of amide opioids, which high dose 
administration can reduce the need for opioids in 
surgery and cancer patients. (8). In another study, an 
antioxidant effect by Mito Tempo was investigated in 
neuropathic pain, in which antioxidant activity was 
assessed with malondialdehyde and reduced 
glutathione content and overall activity of serum 
superoxide dismutase in serum and spinal cord. 
Finally, the results show that antioxidants with 
mitochondrial effects have reduced neuropathic pain 
by protecting mitochondria from oxidative damage (9). 
 
Effect of oxidants on CABG surgery: 
The inverse relationship between the magnitude 
of oxidative stress and cardiac performance can be 
indicative of the effect of oxidative stress. Although 
this effect has not been seen in patients undergoing 
cardiac valve surgery, the magnitude of these stresses 
can be predictive of cardiac function in CABG (12, 
13). 
Hemodialysis, ischemia and perfusion injuries 
activate neutrophils during heart surgery and cause 
stress and activate inflammatory, pre-inflammatory 
and pre-apoptotic factors. This stress affects various 
organs in the body. Free radicals are molecules lacking 
free electrons, which makes them very active. Redox 
signals are activated in response to changes in the level 
of ROS (reactive oxygen species), mitochondria and 
during the cardio pulmonary pump. Blood transfusion 
from the non-endothelialized cycle is the main source 
of ROS production during cardiac surgery. The 
activation of neutrophils in the pulmonary pump is 
shown by the decrease in L-selectin and the increase of 
CD11b and CD18. Low level of trisphosphate in 
damaged area is due to ischemic injury mediated by 
hypoxanthine. After a period of ischemic injury, 
reperfusion plays a major role in oxidative stress by 
initiating a series of events. The pulmonary pump 
causes mechanical damage to red blood cells, which 
causes blood cell sensitivity to the membrane complex 
and, by causing hemoglobin leakage, results in the 
production of peroxidase. On the other hand, during 
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transfusion, we will encounter oxidative stress. Acute 
pulmonary and renal damage, two common 
complications during cardiac surgery, is caused by 
oxidative damage. The hydroxyl phenol present in 
propofol is similar to vitamin E. L-arginine plays a role 
in the immune function and vascular hemostasis, and 
is a precursor of nitric oxide. Therefore, the addition of 
L-arginine to the cardioplegia solution decreases 
myocardial damage and decreases the damage as a 
result of the activity of superoxide dismutase. The 
alpha necrosis factor decreases with N-acetylcysteine 
"administration. Adding N-acetylcysteine" to the 
cardioplegia solution decreases MDA 
(Malondialdehyde), glutathione catalase, SOD 
(Superoxide dismutase), glutathione peroxidase, and 
glutathione reductase. Mitoquinone mesylate (MitoQ) 
is an antioxidant by targeting ROS, which is 
immediately captured by mitochondria and detoxifies 
ROS (14, 15). 
In children, due to the immature heart cells and 
heart congenital problems, there is more vulnerability 
to oxidative factors, which leads to poor functioning of 
heart. Interventions such as glucocorticoids, bypass 
circuit miniaturization, prime-pump strategies and 
cardioplegia can reduce the oxidative stress in 
children's heart surgery (16). 
Alpha-lipoic causes the production of other 
antioxidants, such as glutathione, provided by the 
block of NRF2 and increase in translation of the 
enzyme glutathione synthase (17). Glutathione 
antioxidant systems can stimulate oxidative stress in 
mitochondria and cause cell toxicity (18). Moreover, 
intracellular antioxidant systems, such as glutathione 
and NADPH, can produce ROS (19). 
In the cardiovascular system, the antioxidant 
has a paradoxical ability to simulate oxidative stress 
(20). The imbalance and increase in the overall serum 
oxidative state in open-heart surgery can be related to 
the time of aortic clamp (21). In oxidative stresses in 
coronary heart disease, antioxidants such as superoxide 
dismutase 1 and 2, can be measured as biochemical 
markers for these stresses (22), a new, automated, 
cheap and easy method is available now to measure the 
total level of antioxidants versus free radicals (23). The 
metabolic syndrome is linked to activated protein C, 
the serum levels of uric acid and the balance of pro 
oxidants and antioxidants (24). 
Conclusion 
Control of pain and oxidation factors play an 
important role in the success of cardiovascular surgery. 
Pain can cause oxidative damage and also exacerbate 
the damaging effects of the oxidation of the agent 
caused by the use of heart pumps, transfusion and other 
destructive factors. In children, due to their 
vulnerability, these risks are more severe and the 
control of these factors seems more necessary. The use 
of antioxidant agents during cardiac surgery has 
reduced oxidative damage and decreased pain in 
patients. However, the use of these agents sometimes 
paradoxically provokes oxidative stimulation in 
mitochondria and cellular toxicity, which can be due to 
the imbalance of the cell oxidant and cell antioxidant 
factors, which made it vital to measure the balance of 
oxidant and antioxidant agents. 
 
Future Prospective: 
Assessment of the oxidative stress level and 
antioxidants during coronary heart disease surgeries by 
measuring stress biomarkers or free radical staining 
can be useful tool for assessing how antioxidant agents 
are used preoperatively, during operation and in the 
post-operative period. Assessing the balance and 
imbalance of oxidants and antioxidant factors on the 
course of the diseases by point of care diagnostic 
systems can determine how to use these vital 
substances properly. 
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